pressing their pathogenicity, and further elucidate the pharmacodynamic mechanisms by which chlorhexidine gluconate may operate in vivo.
to phagocytic killing when compared with the blastospore form [6] . Furthermore, germ tubes tend to promote aggregation of yeast cells and bridging of adjacent hyphal elements, thereby bringing a large battery of organisms to intimate contact with the oral epithelium [7] . Candida hyphae have also been shown to penetrate dentinal tubules along cracks of tooth surfaces, enabling the organism to invade dental hard tissues [3] .
Chlorhexidine gluconate at a concentration of 0.2% is widely prescribed in dentistry as an antiseptic mouth wash due to its broad-spectrum antimicrobial activity including Candida [8] . The antifungal effect of chlorhexidine gluconate has been demonstrated in several in vivo and in vitro trials, including some related to Candida infection [9] . Further, it has been demonstrated that exposure of either Candida isolates or buccal epithelial cells to 0.2% chlorhexidine gluconate profoundly suppressed their ability to adhere to buccal epithelial cells in healthy individuals [10] as well as in diabetics [11] . Moreover, pretreatment of acrylic dentures with 2% chlorhexidine gluconate has also been shown to suppress the adhesion of Candida to the denture's acrylic surfaces [12] . Exposure to chlorhexidine gluconate has also elicited the ability to reduce the cell surface hydrophobicity of these species [13] . Furthermore, a recent study [14] has revealed that surface coating of denture acrylic with chlorhexidine gluconate was capable of inhibiting biofilm growth of C. albicans isolates. For these reasons, oral rinses containing chlorhexidine gluconate may be an appropriate substitute to conventional antimycotics in the management of oral candidiasis [15] .
It has been reported that 30% of the total chlorhexidine gluconate dose may be retained in the mouth for 24 h after a 1-min rinse but is removed from the oral cavity during the first hour due to the diluent effect of saliva and the cleansing effect of the oral musculature, thus compromising its therapeutic efficacy [16] . Hence, intraorally, pathogenic yeasts undergo brief exposure to high concentrations of chlorhexidine gluconate following an oral rinse during therapy while thereafter the drug concentration may be subtherapeutic. Yet the behavior of yeasts under the later conditions has been little studied [17] . For instance, only one study has quantitatively compared germ tube formation of oral C. albicans isolates. This study used 10 oral C. albicans isolates obtained from HIV-infected (n = 5) as well as HIV-free healthy (n = 5) individuals in Hong Kong to investigate germ tube formation following a single limited exposure (30 min) to subtherapeutic concentrations of chlorhexidine gluconate [17] . In addition to HIV infection, C. albicans has also been implicated in oral candidiasis in other patient groups, such as diabetics, asthmatics using inhalation steroids and smokers [18] [19] [20] . However, the effect on germ tube formation of oral C. albicans isolates obtained from these patients following brief exposure to subtherapeutic concentrations of chlorhexidine gluconate has not been studied. Hence the main aim of this study was to investigate germ tube formation of oral C. albicans isolates after brief exposure to three subtherapeutic concentrations of chlorhexidine gluconate.
Materials and Methods

Organisms
A total of 40 oral isolates of C. albicans stock cultures recovered from oral rinse samples from patients attending the Kuwait University Dental Clinic (KUDC) for dental treatment were included in the study. Ten isolates each were from smokers, diabetics, asthmatics using steroid inhalation and healthy individuals. The KUDC provides a full range of dental treatments for those who have dental treatment needs that correspond to the teaching needs of dental students. The diabetic patients were under oral hypoglycemic drugs and the asthmatic patients were under steroid inhalation therapy, and were otherwise healthy at the time of attending the KUDC. Patients who smoked more than 25 cigarettes per day were considered as smokers. None of the patients from whom the isolates were recovered had oral candidiasis. Initially, all the yeast isolates were tested for germ tube formation. Thereafter, the colony characteristics were observed using CHROMagar Candida medium (Becton Dickinson, Sparks, Md., USA) and identified by Vitek 2 Yeast ID System (BioMérieux, France) as well as API 20C AUX Yeast ID System (BioMérieux, Inc., Hazelwood, Mo., USA).
Antifungal Agents and Media
Chlorhexidine gluconate 0.2% (Corsodyl, GlaxoSmithKline, Brentford, UK) was dissolved in sterile phosphate-buffered saline (PBS) at pH 7.2 and was prepared as 0.005, 0.0025 and 0.00125% solutions immediately prior to each experiment as previously described [17] .
Preparation of Cell Suspension for the Germ Tube Assay
A previously described method was used for this purpose [17] . Briefly, yeast cells maintained on Sabouraud's dextrose agar were inoculated onto fresh plates and incubated overnight at 37 ° C for 24 h prior to use. The organisms were harvested and a cell suspension was prepared in sterile PBS at 520 nm to an optical density of 1.5. From this cell suspension, 0.5 ml was added to tubes containing only 2 ml of PBS without the drug (control) and 2 ml of three different concentrations of chlorhexidine gluconate (three test groups) dissolved in PBS. This gave a cell suspension of 10 6 ml -1 in each assay tube. The tubes were then incubated at 37 ° C for a period of 30 min. Following this limited exposure, the drugs were removed by two cycles of dilution with sterile PBS and centrifuged for 10 min at 3,000 g. The supernatant was completely decanted and the pellets were resuspended in 2.5 ml of sterile PBS. This technique has been shown to reduce the drug concentration as much as 10,000-fold [21] , thereby minimizing any carryover effect of the drug following its removal. Viable counts of the control and the test were performed after drug removal. As the procedure of drug removal effectively eliminated any carryover effect, there was virtually no difference in the viable counts of the controls and the tests following exposure to already diluted subtherapeutic concentrations of the drug as observed in previous studies [13, 17] .
Microscopic Quantification of Germ Tube-Forming Cells
Roswell Park Memorial Institute (RPMI)-1640 medium with L -glutamine (Sigma, St. Louis, Mo., USA) was chosen for the assay because it induces germ tube formation effectively as described previously [22] . For germ tube induction, 250 l of yeast suspension, obtained after drug removal, was added to 1 ml RPMI-1640 medium with L -glutamine and incubated at 37 ° C for 90 min. The tube was vortexed for 10 s and a drop of each cell suspension was placed on a Neubauer's hemocytometer chamber and covered with a cover slip for quantification of germ tubes. Thereafter, 300 yeast cells in contiguous fields were counted (under ! 40 magnification) and the percentage of germ tube-forming cells calculated as previously described [17] . The counting criterion was only yeast cells with a germ tube, without constriction at the junction between the cell and the elongation; clumped cells with germ tubes and pseudohypha-forming yeast cells were excluded.
All experiments were repeated on three times with duplicate determinations on each occasion.
Statistical Analysis
The effect of chlorhexidine gluconate on each isolate was statistically analyzed. The data obtained from all three germ tube assays in duplicate were analyzed using ANOVA Dunnett's t tests, which treated one group as a control (unexposed to chlorhexidine gluconate) and compared all other groups (exposed to chlorhexidine gluconate) against it. A p value ! 0.05 was considered statistically significant.
Results
The mean percentage of germ-positive cells of the 40 C. albicans isolates following limited exposure to three different subtherapeutic concentrations of chlorhexidine gluconate, drug removal and subsequent incubation in RPMI-1640 medium is shown in table 1 . Compared to the controls and other concentrations of the drug, most suppression of germ tube induction in all the isolates was seen following exposure to 0.005% chlorhexidine gluconate, indicating close dose dependence. The mean percentage reduction was, in increasing order, 13.72 8 0.69% at 0.000125% to 72.46 8 2.24 at 0.005% chlorhexidine gluconate ( table 2 ). 
Discussion
The present study showed that limited exposure of oral C. albicans isolates from diabetics, asthmatics using inhalation steroids, smokers and healthy individuals to different concentrations of chlorhexidine gluconate suppressed the ability of isolates to form germ tubes. This observation is similar to that reported previously for 10 oral C. albicans isolates from HIV-infected as well as HIV-free healthy patients [17] subjected to the same treatment. Though the later study failed to demonstrate an overall significant suppressive effect on germ tube formation following exposure to 0.00125% chlorhexidine gluconate (9.13%), the suppressive effect on 30% of the isolates was statistically significant following exposure to this concentration of the drug whereas in the current study the suppressive effect was significant on all isolates tested following exposure to 0.00125% of chlorhexidine gluconate. Exposure to 0.0025 and 0.005% chlorhexidine gluconate elicited a suppressive effect of 42.74 and 81.23%, respectively, at these two concentrations [17] ; the effect was statistically significant for all isolates tested similar to that of the current study. Though significant in the current study, the reduction in germ tube formation of yeasts exposed to the same concentrations of chlorhexidine gluconate was not uniform on all the isolates tested. For instance, the mean percentage reduction in germ tube formation ranged from 12.44 to 15.20%, 42.17 to 51.59% and 66.37 to 76.93% following exposure to 0.00125, 0.0025 and 0.005% chlorhexidine gluconate, respectively. As a wide range of isolates from different patient groups was used, it can be speculated that this difference in sensitivity to a specific chemical at the same concentration seen in this study may be due to factors such as origin, previous exposure to drugs, underlying disease entities or inherent genomic profile. However, a study with a larger battery of organisms is warranted to verify this speculation.
The observed suppression of germ tube formation by chlorhexidine gluconate may be related to the pharmacodynamic action of the antiseptic on the cell wall of Candida . Scanning and transmission electron-micrographic studies have demonstrated that the antifungal effect of this antiseptic is most likely due to the induction of a loss of cytoplasmic components and coagulation of nucleoproteins, and associated morphological changes in the cell wall structure [23] . Further, a decrease of budding Candida cells was also observed in the aforementioned study. Others have demonstrated complex ultrastructural dynamics of the cell wall during the transition from blastospore to hyphal phase, and to the fact that the cell wall of the germ tube possesses stratification comparable to that of the blastospore wall [24] . Therefore it is reasonable to speculate that chlorhexidine gluconate affects the cell wall structure as well as other cellular events leading to germ tube formation as shown in the current study.
Oral candidiasis has been observed in populations of diabetics, asthmatics using inhalation steroids and smokers [18] [19] [20] . Therefore, the information provided herein contributes to broadening the understanding of the effectiveness of chlorhexidine gluconate against a vital function (i.e. germ tube formation), incriminated in the pathogenesis of C. albicans , which frequently colonizes compromised patients such as diabetics, asthmatics using steroid inhalers and smokers. Even subtherapeutic concentrations such as 0.00125% chlorhexidine gluconate, which is far below the normal therapeutic concentration of this drug (0.2%), has the ability of suppressing germ tube formation of all Candida isolates tested in different patient groups. As isolates from all these patient groups were used in the current study, this information may further advocate the use of chlorhexidine gluconate as an adjunct in the management of oral candidiasis. However, further studies on the impact of this antiseptic on other pathogenic properties of Candida, such as adhesion to oral epithelial cells, adhesion to denture acrylic and cell surface hydrophobicity, including a larger battery of organisms are warranted.
Conclusion
These findings showed that brief exposure to subtherapeutic concentrations of chlorhexidine gluconate may modulate germ tube formation of C. albicans isolates, thereby suppressing its pathogenicity and elucidates further the pharmacodynamic mechanisms by which chlorhexidine gluconate may operate in vivo.
